high risk patients received etoposide in addition. The latter results showed a significant (but not dramatic) increase in EFS in the etoposide treated group (52 vs. 47 %) [12] . The difference was in the range of the estimated long term risk of leukemia associated with etoposide treatment [6] . The substitution of cyclophosphamide for ifosfamide in standard risk patients was supposedly desirable to prevent renal damage by ifosfamide. Ifosfamide renal tubular toxicity, although present to some degree in almost 100 % of patients treated with ifosfamide doses in excess of 9 g/m 2 , is easily treated with electrolyte replacement therapy and is not always permanent or of clinical significance. Nevertheless to drive the point home with more statistical significance, the EU-RO-EWING99-R1 trial screened roughly 2 500 Ewing sarcoma patients to randomize 856 standard risk patients to the cyclophosphamide vs. ifosfamide maintenance regimens. This time, after more than a decade later, again no difference was noted between the 2 regimens with approximately 25 % of the standard risk patients in each group destined to die of Ewing sarcoma [7] . This result coupled with the death rate of the high risk patients still around 50 % is where we are at today with little improvement over the outcomes of 20 years ago. Indeed the authors of this review point out that the results for localized Ewing sarcoma have not improved significantly over the past 2 decades, and in addition, are still disappointingly poor in patients who present with disseminated disease. They further imply that we have reached the limit of what we can achieve with cytotoxic chemotherapy save for a few regimens with irinotecan or topotecan that combined with an alkylating agent have been known to produce evanescent responses in relapsed patients [2] . They imply that the future of Ewing sarcomas improved outcome may lie in the discovery of biomarkers that can help better stratify patients risk, and then presumably adding the appropriate targeted therapy to help improve that patient's outcome. Those of us familiar with targeted therapies are aware that their addition has not produced much in the way of cures, and they usually only extend survival by slowing down tumor growth. The place for targeted therapy may be best suited for patients with metastatic disease that might benefit from greater overall survival with a much better quality of life than that achievable with maintenance chemotherapy. The prospect of further risk stratification with the addition of new targeted therapy does not seem like the best or only option that can increase the cure rate of In this issue, Bollling et. al. review the development of treatment of Ewing sarcoma as it evolved over the past 30 years of clinical trials in Europe, largely under the leadership of Heribert Jurgens to whom this review is dedicated. The 44 authors were teachers, colleagues, students and co-investigators of Jurgens. The authors attribute the ability to make progress in the treatment of Ewing sarcoma through the establishment of larger and still larger cooperative studies in order to demonstrate statistically significant advances in the treatment of this rare disease. Thus, starting with the German/Austrian cooperative Ewing sarcoma study (CESS) and later joining other European groups to form the European Intergroup Cooperative Ewing Sarcoma Study (EICESS) and finally the "European Ewing tumor Working Initiative of National Groups" or "EURO-EWING" conducted trials in the treatment of this rare bone tumor. By the early 1980s, 4 drugs including vincristine, dactinomycin, cyclophosphamide, and doxorubicin were almost universally accepted for chemotherapy of Ewing sarcoma [9, 13] . However under the leadership of Heribert Jurgens important further advances made by the CESS studies included the finding that ifosfamide increased the event-free survival of high risk patients and indeed those studies defined the high risk and standard risk groups. The results of CESS 86 included 301 patients treated from 1986 through 1992 and were not published until 2001, and the overall event-free survival was 52 %. Fifty two percent however was a 10 year event-free survival and as such represented the standard achievable cure rate for Ewing sarcoma [11] . The better long term outcome for high risk patients was attributed to not only the addition of ifosfamide, but the better use of multimodality treatment including a surgical imperative for the primary tumor. The latter approach to the primary tumor was also of great value for the standard (or low) risk patient. The EICESS-92 study randomized 647 patients. Of 155 standard risk patients half had ifosfamide (6 g/m 2 ) containing maintenance chemotherapy, and half had cyclophosphamide containing maintenance, although all had 4 courses of preoperative (or induction) ifosfamide containing chemotherapy. The study concluded that there was no difference in the 2 regimens for the standard risk patients who all achieved an event-free survival (EFS) of approximately 75 %. However, the majority of patients in this study (492/647) were high risk patients and they all had the ifosfamide regimen for 14 courses but half of those was 75 %. This compares favorably to the EICESS-92 study 4 where the overall EFS for all patients (standard and high risk) was in the range of only 58 %. Perhaps this line of enquiry can be tweaked to produce an even better EFS. Remember that currently the "standard risk" patients have an approximate 25 % death rate with the current regimen. That is in need of improvement. If you were to tell a parent: "Your child has only a 25 % chance of dying with the less intensive treatment. The more intensive treatment being reserved for the higher risk patients, where it is proven to be better than the treatment that your child will get". I don't think anyone will agree to be randomized to the less intense treatment. However it makes little difference at this time with the more intense treatment being only the addition of etoposide and not higher dose ifosfamide. A 25 % relapse rate is high risk also and all patients should be offered the most effective treatment available. After all, we don't offer less intense treatment to good risk osteosarcoma patients that have "low risk" small tibia primaries. We can take advantage of risk stratification to make radical changes in therapy for high risk patients, caution balanced by the expected almost 50 % death rate in that high risk group. The results for patients who present at diagnosis with bone metastases are uniformly dismal. Several attempts at high dose chemotherapy (HDC) with peripheral stem cell support have yielded 5 year EFS rates in the range 20 % or less. Prolonged (3 year) survival has been reported in these patients but eventually they relapse. The use of total body irradiation and the drugs busulfan and cyclophosphamide have caused severe, prolonged toxicity and even death due to drug toxicity. This regimen is a throw back to leukemia and lymphoma treatment and may not be optimal for solid tumors like Ewing tumor. Their toxicity also precludes repetition of the HDC treatment. Perhaps tandem auto-transplants while in complete remission (after primary tumor therapy) before the patient relapses, with an active regimen in relapsed Ewing sarcoma like high dose ifosfamide, etoposide, and carboplatinum (ICE) [1, 8, 16] might be worth a feasibility study at some major European centers for those patients that present with bone metastases or inoperable primary tumors. Whatever new curative plans are contemplated, certain facts remain. An EFS of even 75 % for good risk patients is still an unacceptable tragedy for 25 % of those patients. If we are to move forward in finding a greater percentage of cures we can try to do so with better use of existing therapies, which can be done immediately without the delay of the development of new drugs. Investigations into ways to ameliorate the toxic effects of drugs can also enhance the use of higher dose drug therapy. We still haven't come far enough to afford the luxury of "non-inferiority" studies to try to reduce the perceived threat of future toxicity. We can't take over 10 years time for an investigation that utilizes thousands of potential study subjects to try to prove non-inferiority of a regimen that is barely different than the current one. Thus, chemotherapy as we know it is still alive and well (and needed). Better ways to use old drugs can be as good as, if not better than, new unproven drugs. The reports of chemotherapy's exhaustion are premature. It is hoped that continued successful investigations of chemotherapy, newer surgical reconstructive techniques, refinements in radiation oncology, as well as targeted and immunotherapies for Ewing tumor will continue to improve the outcome for these patients.
Ewing sarcoma in the near foreseeable future. Unless studies are fast tracked in some way, we may be decades away from improving results in rare tumors like Ewing sarcoma with the traditional investigative approach. Discovery (a giant step forward) rather than protracted investigation (producing a quantum advance) is needed in the design of new clinical trials. I don't think we are done with cytotoxic therapy. There is still much more to be gained from this modality. Ifosfamide for instance may have much greater potential value than has been demonstrated in the EURO-Ewing 99 study. Many of us have used ifosfamide in doses between 9 and 14 g/m 2 (and higher) alone or in combination with doxorubicin, to treat the more resistant adult soft tissue spindle cell sarcomas, and to treat metastatic osteosarcoma in children and adolescents. While all such patients may experience renal tubular acidosis needing bicarbonate and potassium replacement, very few have permanent or clinically significant renal impairment. Indeed Craft reported increasing the EFS of Ewing sarcoma patients from 44 to 62 % by increasing the dose of ifosfamide from 6 g/m 2 to 9 g/m 2 in the induction phase of treatment. Of the 243 patients treated in that single arm trial presumably 45 patients' life were saved by the 50 % increase in the dose of ifosfamide [3] . Patel (M.D. Anderson Hospital) also noted a dose response relationship for in treating metastatic bone and soft tissue sarcomas up to the dose of 14 g/ m 2 [10] . In my experience, I have treated bone (Ewing and osteogenic sarcoma) as well as soft tissue sarcomas with ifosfamide at the dose of 14-18 g/m 2 for since 1990 [4] . The majority with primary tumor and were long term survivors. Although all required electrolyte replacement (which is built into the treatment protocol) permanent renal impairment was limited to adults over 50 years of age that started with pretreatment creatinine elevations. After therapy the renal tubular function in those few patients improved enough so that no one required ongoing permanent treatment for renal tubular acidosis. Of course an elevated creatinine during treatment requires individual dosage modification. Usually the dose is kept the same but administered over a protracted period. Other times we have stopped the ifosfamide at the dose of 10 g/m 2 and added doxorubicin (60-75 mg/m 2 ). In treating at the dose of 18 g/m 2 we observe dramatic responses in Ewing sarcoma, but we never give more than 4 doses for a cumulative dose of only 72 g/m 2 . There are reports of long term renal toxicity in children receiving large doses of ifosfamide [14, 15] . However that toxicity occurred with cumulative doses in excess of 84 g/m 2 . Higher doses of ifosfamide may be safely given with no clinically significant long term toxicity, if not excessively repeated to large cumulative doses in excess of 84 g/m 2 . Considering a potential increase in the EFS of almost 20 % with a modest increase in ifosfamide dose [3] , further escalation and intensification of ifosfamide therapy while reducing the total cumulative dose might be the best way to proceed in the immediate future. Currently in the EURO-EWING99 trial, high risk patients receive a cumulative ifosfamide dose of 102 g/m 2 , the majority of which is given in the protracted consolidation (maintenance) phase at the less effective dose of 6 g/m 2 . Would more intensive higher dose ifosfamide, but a lower cumulative dose result in a higher EFS with less renal toxicity? Indeed Granowetter reported a Children's Cancer Study Group study comparing Intensive alkylating agent against lower dose alkylating agent therapy in Ewing sarcoma [5] . The ifosfamide dose of 9 g/m 2 was compared to 12 g/m 2 in the intensive therapy arm. The study showed no difference in EFS for each group, however the overall EFS for all of the patients This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
